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We have already reported that vitamin E prevents lung stage of urethane-induced lung tumorigenesis in mice.
cancer in several mouse models, including a urethane-treated Also, we have found that vitamin E suppresses lung mouse model (11-13). In these reports, we indicated that the tumorigenesis by inhibiting cell proliferation at the inhibitory effect of vitamin E on lung tumorigenesis depends promotion stage. However, it is still unclear whether this on the regulation of cell proliferation supported by the suppresinhibitory effect at the promotion stage is based on the sion of the induction of ornithine decarboxylase (ODC), a antioxidative effect of vitamin E or not. In order to rate-limiting enzyme of polyamine biosynthesis in the promoaddress this question, we examined the inhibitory effect of tion phase. However, it is still unclear if the inhibitory effect α-tocopheryloxybutyric acid (TSE), an ether derivative of is based on the antioxidative property of vitamin E. In a vitamin E that cannot act as an antioxidant in vivo, on cell recent study, we suggested that the constitutive activation of proliferation and the activation of Erk during promotion extracellular signal-regulated kinase (Erk), a key kinase in of lung tumorigenesis. On day 30 after urethane injection intracellular signal transduction pathways to stimulate cell (750 mg/kg, i.p.) in A/J mice, TSE or vitamin E at 100 proliferation, is essential for cell proliferation linked to the µmol/kg, p.o. was administered. Twenty-four hours after induction of ODC in the promotion phase of urethane-induced the final administration, the mice were killed to analyze lung tumorigenesis in mice (13,14). Thus, it is likely that cell proliferation and related parameters. The labeling vitamin E inhibits cell proliferation in the promotion phase of index of proliferating cell nuclear antigen (a marker of lung tumorigenesis in part by inactivating Erk. cell proliferation) and ornithine decarboxylase activity (a The aim of this study was to investigate if the inhibitory marker of the promotion stage in lungs) were attenuated effect of vitamin E is a result of its non-antioxidative action. by treatment with TSE or vitamin E. TSE or vitamin E
One vitamin E derivative, α-tocopheryloxybutyric acid (TSE), treatment also inhibited urethane-induced activation of Erk has no antioxidative effect in vivo, unlike vitamin E, maybe and suppressed the activation of other essential members of because the ether bond in TSE cannot be hydrolyzed in vivo the Erk cascade (Ras, Raf and Mek). These results suggest (15). Results with TSE should show if the inhibitory effect of that vitamin E inhibits cell proliferation and activation of vitamin E is dependent on its antioxidative or non-antioxidative the Erk cascade during promotion of urethane-induced effects. We therefore compared the inhibitory effect of TSE lung tumorigenesis in mice, independent of its antion cell proliferation and Erk activation in the promotion phase oxidative effect.
with that of vitamin E. Here, we present the first evidence that non-antioxidative effects of vitamin E contribute to the suppression of cell proliferation and activation of Erk during Introduction the promotion phase of urethane-induced lung tumorigenesis in mice. Many epidemiological and experimental studies have shown that several naturally occurring compounds, including vitamins, can reduce the risk of cancer in various organs (1) . The exact Materials and methods role of vitamin E in carcinogenesis has not been yet established,
Animals and treatment
as it has shown opposite effects on carcinogenicity in a variety Female A/J mice (Japan SLC, Shizuoka, Japan) were used in this study. The of model systems (2-5). For example, in rats fed a cholinemice were fed a CE-2 diet (Japan Clea, Tokyo, Japan) and sterilized water deficient diet, vitamin E supplementation decreased the number ad libitum. Tumor initiation was achieved by a single i.p. injection of urethane and size of hepatic focal lesions (6), while a recent report dissolved in saline (750 mg/kg body weight) at the age of 6 weeks. TSE was prepared according to an established method (15). TSE was Ͼ99% pure as judged by high performance liquid chromatography analysis. We confirmed Abbreviations: EGFR, epidermal growth factor receptor; Erk, extracellular signal-regulated kinase; LI, labeling index; ODC, ornithine decarboxylase;
that TSE was not hydrolyzed in vivo by showing that TSE treatment did not affect the concentration of α-tocopherol in lungs or serum. On day 30 after PCNA, proliferating cell nuclear antigen; TSE, α-tocopheryloxybutyric acid. the final injection, TSE and α-tocopherol suspended in vitamin E-stripped corn oil (100 µmol/kg body weight, p.o.) were given to the mice. Control mice were treated with vehicle only. Day 30 was chosen as the start point for treatment because this is when the activation of Erk and induction of ODC are maximal (14) . Preliminary experiments showed that these treatment conditions were sufficient to inhibit Erk activation and ODC induction without affecting their basal concentrations. Twenty-four hours after the final treatment, all mice were killed and several parameters were measured.
Cell proliferation assay
The lungs were fixed with 10% buffered formalin. The tissues were embedded in paraffin and sectioned. Deparaffinized sections of tissue were stained by an avidin-biotin-peroxidase method with an anti-proliferating cell nuclear antigen (PCNA) antibody (Dako, Newark, CA, USA). Sections were counterstained with methyl green. The PCNA labeling index (LI) was determined by counting Ͼ500 nuclei in randomly selected microscopic fields of the alveolar region. This area was selected for estimation of the LI because we previously found that the activation of Erk and the induction of ODC during the promotion phase of urethane-induced lung tumorigenesis occurred mainly in alveolar epithelial cells, progenitor cells of lung tumors (14). Assay of ODC activity ODC activity was assayed as previously described (16). A 20% (w/v) lung homogenized in 0.05 M Tris-HCl, 0.25 M sucrose (pH 7.5) was centrifuged at 100 000ϫg for 30 min, and the supernatant was used to assay ODC activity by measuring the amount of radioactive CO 2 liberated from L-[1-14 C]ornithine. The assay mixture contained 0.4 mM L-[1-14 C]ornithine, 0.18 mM pyridoxial-5Ј-phosphate, 0.25 mM EDTA, 2 mM dithiothreitol and 25 mM sucrose in 0.05 M Tris-HCl (pH 7.5).
Analysis of the Ras signaling pathway
The Erk signal cascade was analyzed by immunoprecipitation and immunoblotting as previously described (14). In brief, a 20% lung homogenate in lysis buffer (20 mM HEPES pH 7.0, 1 mM EDTA, 1 mM EGTA, 10 mM NaF, 1 mM Na 3 VO 4 , 25 mM β-glycerophosphate, 20 µg/ml aprotinin, 10 µg/ml leupeptin and 10 µg/ml pepstain A) containing 0.25 M sucrose was centrifuged at 2000ϫg for 10 min. The supernatant was used as a postnuclear fraction. The pellet was subjected to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to nitrocellulose membrane. Immunoblotting with an antibody against phosphorylated Erk (Promega, Madison, WI, USA) was used to estimate the activation of Erk and with anti-Erk antibody (New England Biolabs, Beverly, MA, USA) to check the level of Erk. The postnuclear fraction was centrifuged at 100 000ϫg for 60 min, yielding the cytoplasmic fraction and the membrane pellet. The cytoplasmic fraction was subjected to 10% SDS-PAGE and transferred to nitrocellulose membrane. Immunoblot analysis was performed with an antibody against phosphorylated Mek (New England Biolabs) to estimate the activation of Mek and with anti-Mek antibody (New England Biolabs) to check the level of Mek. The pellet was solubilized in lysis buffer containing 0.25 M sucrose and 1% Triton X-100. The solubilized fraction was incubated with an anti-cRaf-1 antibody (Santa Cruz, CA, USA) or anti-Ras antibody (UBI, Lake complex in the membrane fraction. As shown in Figure 2A ,
Statistical analysis
Raf was immunoprecipitated by an anti-Ras antibody from Statistical analysis was performed by one-way analysis of variance followed by membranes of the urethane-treated group but not of other Duncan's multiple-range test. A P value of ഛ0.05 was considered significant. groups under conditions the same amount of Ras was coprecipitated from all groups. Similarly, more Ras was immunoResults precipitated using the anti-Raf antibody in the urethane-treated group, and the signal mostly disappeared after TSE or vitamin The effects of TSE or vitamin E on PCNA LI and ODC activity in lung are shown in Figure 1 panels A and B, E treatment ( Figure 2B ). Next, we checked the level of activation (phosphorylation) respectively. PCNA LI and ODC activity in urethane-treated group increased by 60-80% and were significantly higher of Erk in nuclei, because it was found previously that Erk was activated by Mek-mediated phosphorylation of specific than in the control group. The increase induced by urethane treatment was significantly inhibited by TSE or vitamin E threonine and tyrosine residues and subsequent translocation from cytosol to nuclei (18). As shown in Figure 3 , urethane administration. There was no statistically significant difference between control and urethaneϩvitamin E-treated groups or treatment stimulated the activation of Erk1 (p44) and Erk2 (p42), while TSE or vitamin E treatment reduced the activation between control and urethaneϩTSE-treated groups. analysis was performed using the same sample as in Figure 3 . This result is representative of three independent experiments.
Erk were almost the same in all groups (Figure 4) . Overall, these results suggest that TSE and vitamin E inhibit urethaneinduced Erk activation in lung.
Discussion
Lung cancer causes a great many deaths worldwide, and is increasing in incidence in Japan (19), for example, warranting research into drugs that could prevent it. Our previous animal studies suggest that vitamin E could be useful for preventing lung cancer (11-13,20,21). However, as mentioned above, vitamin E is not suitable for clinical used as a chemopreventive agent, because it acts as a tumor promoter in liver and skin, maybe because of its function as a pro-oxidant (7,8). To investigate whether this disadvantage can be overcome, we investigated whether vitamin E can suppress the promotion of lung tumorigenesis in mice based on its non-antioxidative effect. The present study demonstrated that vitamin E inhibits cell proliferation and its related signal transduction during promotion of lung tumorigenesis irrespective of its anti- Ras proteins, which are located upstream of the Erk signaling cascade, normally serve as molecular switches in mitogenic signal transduction and regulate cell growth and differentiaof Erk. We confirmed this observation by an in vitro kinase assay using myelin basic protein as a substrate for Erk (data tion under the control of growth factor receptor-dependent signaling. Activating mutations in ras genes result in proteins not shown). In order to establish the effects of TSE or vitamin E on the Erk cascade, we examined the activation of Mek by being trapped in the active state and constitutively transmit growth signals whether or not the growth factor receptor is immunoblot analysis, using an antibody against phosphorylated Mek. TSE or vitamin E treatment attenuated the urethaneactivated (22,23). In a previous study, we showed that urethaneinduced ras mutations cause constitutive activation of the Erk induced activation of Mek (Figure 3) . Total levels of Mek and have also demonstrated that activation of EGFR stimulates 3. Glauert,H.P., Beaty,M., Clark,T., Greenwell,W., Tatum, V., Cehn,L., Borges,T., Clark,T., Srinvivasan,S.R. or partial hepactomy on spermidine acetylase activity of rat liver cytosol.
The mouse ODC gene is a principal transcription target for 
